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(S) Sludge filtering and thickening installation and method. 



(57) A water supply means to pump up the filtrate 
pumped up from a filtrate tank (13) into a filtrate 
discharge pipe (3), and a filtrate discharge 
pump (5) are provided, while an unthickened 
sludge extracting device (20) is fitted to the 
bottom of a sludge tank (1), where a high 
negative pressure acts upon the inside of filter 
plates (2) to conduct filtration, the unthickened 
sludge (10) is discharged from the unthickened 
sludge extracting device (20), and/or the un- 
thickened sludge (10) present near the thick- 
ened sludge (11) is displaced by an unthickened 
sludge displacement means (22, 24, 28,29) so as 
not to contact the thickened sludge (11), and 
filtration of only thickened sludge (11) con- 
tinues so that high-concentration thickened 
sludge (11) can be obtained without being af- 
fected by the water in the unthickened sludge 
(10). 
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The present invention relates to a sludge filtering 
and thickening installation used in water purification 
plants and s wage treatment plants, and a method 
for the filtration and thickening of sludge. 

Sludge filtering and thickening equipment is dis- 
closed in Japanese Patent Publications 60-59002 
and 61-57043. 

The filtering and thickening equipment has plate- 
like filter elements arranged in a sludge tank, one end 
of a filtrate discharge pipe connected to the plate-like 
filt r element, and the other end drawn out of the 
sludge tank. When the sludge tank is filled with 
sludge, sludge particles accumulate on the plate-like 
filter element because the sludge on the surface of 
th plate-like filter element is pressurized by gravity 
or by negative pressure acting on the inside of the fil- 
trate discharge pipe, and water contained in the 
sludge penetrates into the plate-like filter element, 
being discharged from the sludge tank through the 
filtrate discharge pipe. 

To explain in detail, Patent Publication 60-59002 
discloses a filtering and thickening equipment, in 
which hollow plate-like filter elements made of water- 
absorbing materials with both faces affixed with filter 
cloths are immersed in a tank containing a liquid in- 
cluding substances to be filtered and thickened, and 
a filtrate discharging means is provided on said plate- 
like filter elements. This equipment can form uni- 
formly thick cakes. 

In addition. Patent Publication 61*57043 disclo- 
ses a filtering and thickening installation, in which wa- 
t r absorbing filter plates are disposed in a filtering 
and thickening tank, one end of a filtrate discharge 
pipe is connected to the filter plate, while the other 
end of the filtrate discharge pipe is connected to a si- 
phon tube disposed externally to the filtering and 
thickening installation. This filtering and thickening 
installation is constructed so that filtrate is dis- 
charged from top of the filter plate and flows down by 
itself because of a siphon effect Thus, this installa- 
tion uses head pressure and the siphon effect in the 
filtering and thickening installation, and can efficient- 
ly form uniformly thick cakes on the filter plate. 

As described above, in these types of equipment, 
semi-solid thickened sludge accumulates on the filter 
plate, while sludge that has not been thickened re- 
mains in the sludge tank. After the unthickened 
sludge is discharged outside of the tank, the thick- 
ened sludge is separated from the filter plate by blow- 
ing compressed air into the filter plate through, for ex- 
ample, the filtrate discharge pipe. The separated 
thickened sludge falls to bottom of the sludge tank, 
and this sludge is then removed from the tank. 

When such filtering and thickening equipm nt Is 
used, th obj ctiv of thickening sludge to a high con- 
c nt rat ion is achieved to some extent by incr asing 
the duration of pr ssure and filtering. In this case, it 
is nec ssary to increas the negative pressure by 
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employing a method to increase the force of gravity 
by increasing the height of th sludge tank, and a 
method to xtend the length of th filtrat discharg 
pipe downward outside of the sludge tank. 

5 For example, making the length of the filtrate dis- 

charge pipe outside the sludge tank 2.7 m will ensure 
a negative pressure of 200 mmHg, while making it 9.5 
m will ensure a negative pressure of 700 mmHg. Fil- 
tering purified water sludge with a solids concentra- 

10 tion of 4% for 40 minutes with a negative pressure set 
to 200 mmHg results in a thickened sludge with a sol- 
ids concentration of 10%. Filtering purified water 
sludge with a solids concentration of 4% for 40 min- 
utes with a negative pressure set to 700 mmHg re- 

15 suits in a thickened sludge with a solids concentra- 
tion of 13.6%. Next, if the filtering time is extended 
to 100 minutes, a thickened sludge with a solids con- 
centration of 11.2% can be obtained when the nega- 
tive pressure is set to 200 mmHg, while a thickened 

20 sludge with a solids concentration of 14.5% can be 
obtained when the negative pressure is set to 700 
mmHg. 

As described, the concentration of thickened 
sludge can be increased to some extent by increasing 

25 the negative pressure. However, if the negative pres- 
sure is kept constant while the filtration time is pro- 
longed, the thickened sludge concentration under a 
negative pressure of 700 mmHg as in the above case 
will increase only slightly from a solids concentration 

30 of 1 3.6% to a solids concentration of 14.5%. 

The inventors of the present invention have in- 
vestigated the causes thereof, and have discovered 
the following facts. When filtration is carried out con- 
tinuously, sludge particles deposit on the filter cloths 

35 of the filter plate, forming deposition layers which in- 
crease the thickness and become compacted be- 
cause the sludge particles are pressed tight by the 
filtration pressure, resulting in an increase of filtra- 
tion resistance and a delay in the filtrate discharge. 

40 Water flow continues even during this process 
through portions where no deposition layers have 
been formed, making effective reduction of the water 
content in the deposition layers impossible. The 
thickness of the deposition layers continues to in- 

45 crease gradually under these conditions. Therefore, 
prolonging the filtration time or raising the negative 
pressure will not raise the concentration of thickened 
sludge in the form of deposition layers as high as had 
been expected. 

50 The present invention has been made in the light 

of the above problems, and is intended to solve the 
problems found In conventional systems that require 
the pressure to be raised and the filtration time to be 
prolonged, and provide a sludge flit ring and thtcken- 

55 ing installation and a meth d for th filtration and 
thick ning of sludge that can produce a high- 
concentration sludge by pr v nting the water cent nt 
of the unthick ned sludg from passing into thick- 
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ened sludge, present in the form of deposition layers 
formed on the fiit r plate, without incr asingth grav- 
ity of the sludg by increasing the height of th sludge 
tank and increasing the negative pressure by extend- 
ing the filtrate discharge pipe downwardly beneath 
the sludge tank. 

In order to solve the above problems, a filtering 
and thickening installation according to the present 
invention is constructed as follows: 

1. A water supply means and a filtrate discharge 
pump are fitted onto a filtrate discharge pipe. 
This water supply means includes a suction pipe 
that connects a filtrate tank with a filtrate dis- 
charge pipe, or the water feed pump assembled 
into the piping path for the filtrate tank and a suc- 
tion pipe. 

2. An extracting device for unthickened sludge is 
( fitted onto a sludge tank. This extracting device 

may be a discharge valve or an extracting pump 
for unthickened sludge, installed at the bottom of 
the sludge tank. 

3. A removal means for unthickened sludge, con- 
sisting of a remover body that can move towards 
and away from the surface of the filter plate, and 
a driving device therefor, is also included. This re- 
moving body may be a diaphragm, a plate, or the 
filter plate itself. 

The sludge filtering and thickening installation of 
the present invention operates in the following man- 
ner, corresponding with the constructional arrange- 
ments explained in Items 1 to 3 above. 

Firstly, because the filtrate discharge pipe is pro- 
vided with a water supply means and a filtrate dis- 
charge pump, water can be supplied into the filtrate 
discharge pipe on the suction side of the filtrate dis- 
charge pump by using the water supply means. The 
f filtrate discharge pump can continue to operate even 
* - when the pump chamber is filled with water. If the 
pump continues to operate when the pump chamber 
is filled with water, the pump generates negative 
pressure against the atmospheric pressure on the 
suction side. As a result, air in the filtrate discharge 
pipe on the suction side of the filtrate discharge pump 
and in the filter plate connected to the filtrate dis- 
charge pipe is drawn into the pump and is discharged 
together with water from the piping on the pipe deliv- 
ery side. 

If this operation continues, the air in the filtrate 
discharge pipe and t he filter plate continues to be dis- 
charged outside the system, gradually increasing the 
negative pressure. Under this condition, since the 
water content of sludge on the surface of the filter 
plate is absorbed into the filter plate as filtrate, the In- 
side of the filter plate and the filtrate discharge pipe 
fills up with thisfiltrat . 

If the water supply to the filtrate discharge pipe 
stops at this stage, the filtrate discharge pump sucks 
only filtrate that has been absorbed into the filt r 
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plate through the filtrate discharge pipe. Therefore, 
the high negative pressure gen rated on the suction 
side of thefiltrat discharge pump can be us dinth 
filtrate discharge pipe to perform filtration. 

5 Secondly, with the operations as described, the 

sludge can be filtered by the high negative pressure 
that is applied to the filtrate discharge pipe. Continu- 
ing the filtration, sludge particles deposit and accu- 
mulate on the filter doth which is on the filter plate, 

10 forming thickened sludge. While this thickened 
sludge, which is formed from sludge particles that are 
compacted tightly, has no fluidity, the surrounding 
unthickened sludge remains fluid, If the unthickened 
sludge extracting device is operated at this stage, flu- 

16 id unthickened sludge is extracted from the sludge 
tank, thereby bringing the thickened sludge on the fil- 
ter plate in the sludge tank into contact with the at- 
mosphere. Therefore, thickened sludge deposited on 
the filter plate no longer contacts unthickened 

20 sludge, while the filtering of only thickened sludge 
that has already been formed can continue, and high- 
concentration thickened sludge can be obtained. 

Thirdly, in this installation, which is provided with 
a removal means for the unthickened sludge, the re- 

25 moving body is moved by the driving device before 
commencing sludge filtration, and the surface of the 
removing body is positioned sufficiently away from 
the surface of the filter plate, when sludge filtration 
begins. As sludge filtration progresses, sludge par- 

30 tides deposit on the filter plate, forming thickened 
sludge. This thickened sludge is formed by the tight 
compaction and deposition of sludge particles, hence 
it has no fluidity, although the surrounding unthick- 
ened sludge does have fluidity. Now, if the removing 

35 body is moved by the driving device so that it contacts 
or comes close to the thickened sludge on the filter 
plate, the unthickened sludge present around the 
thickened sludge can be removed from the space on 
the filter plate. 

40 The th ickened sludge formed on t he filter plate is 

thus isolated from the unthickened sludge by the re- 
moving body, which means that only the thickened 
sludge already formed will be filtered without any wa- 
ter permeating from the unthickened sludge, thereby 

45 allowing high-concentration thickened sludge to be 
obtained. 

Embodiments of the invention will now be descri- 
bed in detail with reference to the accompanying 
drawings, in which: 
so Figure 1 is a schematic view showing the con- 

struction of the filtering and thickening installation 
according to the present invention, including its water 
supply means and filtrate discharge pump. 

Figure 2 Is a drawing showing one xample of the 
55 wat r supply means of the installation of Figure 1 . 

Figure 3 is a sch matic drawing showing a s c- 
ond xample of the water supply m ans in Fig. 1. 

Figur 4 is a schematic drawing showing a third 
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example of the water supply means of the installation 
of Figure 1. 

Figure 5 is a schematic view showing th con- 
struction of the filtering and thickening installation 
according to the present invention, including its dis- 
charge valve for unthickened sludge. 

Figure 6 is a schematic drawing showing the con- 
struction and operation of a filtering and thickening 
installation shown in Figure 5, including its water sup- 
pry means. 

Figure 7 shows a condition in which only thick- 
ned sludge has deposited on a filter plate, based on 
the operation illustrated in Figure 6. 

Figure 8 Is a schematic drawing showing the con- 
struction of the filtering and thickening installation 
according to the present invention, including its un- 
thickened sludge removal means. 

Figure 9 is a schematic drawing showing the con- 
struction of the filtering and thickening installation 
according to the present invention, disposed with a 
rubber diaphragm used as an unthickened sludge re- 
moval means. 

Figure 10 is a schematic drawing showing the op- 
eration of the rubber diaphragm in Figure 9 together 
with the installation's configuration. 

Figure 11 is a schematic drawing showing the 
construction of the filtering and thickening installa- 
tion, using a removal plate, a supporting plate, and an 
air cylinder as an unthickened sludge removal means. 

Figure 12 is a schematic drawing showing the in- 
stallation conditions for a rubber diaphragm different 
from that seen in Figure 9, together with the installa- 
tion's configuration. 

Figure 13 is a schematic drawing showing the op- 
eration of the rubber diaphragm in Figure 12 together 
with the installation's configuration. 

Figure 14 is a schematic drawing showing the 
construction of the filtering and thickening installa- 
tion, utilizing a removal plate, and including a sup- 
porting plate and an air cylinder installed on an inner 
wall of the sludge tank as an unthickened sludge re- 
moval means. 

Figure 1 5 is a schematic drawing showing the op- 
eration of the unthickened sludge removal means in 
Figure 14 together with the installation's configura- 
tion. 

Explanations of the embodiments of the filtering 
and thickening installation according to the present 
invention are provided hereunder with reference to 
the appended drawings. 

Figure 1 is a schematic drawing showing the con- 
struction of the sludg filtering and thickening Instal- 
lation according to the present invention, part of It be- 
ing shown in a cross section. Figure 1 shows how 
thick ned sludge, i. . sludge that has become non- 
fluid, is formed on the filter cloth, while unthick ned 
sludge r taining fluidity still remains in the sludge 
tank away from the surface of th filt r cloths. For the 



sake of simplicity, only one filter plate is shown in the 
Figur . 

In Figure 1, a filter plate 2 comprising a water- 
permeable plate 2a and a filter cloth 2b sealing the 
5 outer surface of the water-permeable plate 2a is dis- 
posed at the centre of a sludge tank 1, where a filtrate 
discharge pipe 3 connected to the upper edge of the 
filter plate 2 leads to the outside of the sludge tank 
1. The filtrate discharge pipe 3 extends horizontally 

10 outof the sludge tank 1 and then branches vertically 
upwardly and downwardly, the upwardly extended 
branch being connected to an air release valve 4. The 
downwardly extended branch continues beneath the 
base of the sludge tank 1 and is connected to the in- 

15 take side of a filtrate discharge pump 5. A water sup- 
ply means 7 is connected via a gate valve 6 to the fil- 
trate discharge pipe 3 upstream of the discharge 
pump 5, and a vacuum indicator 8 is connected to the 
filtrate discharge pipe 3 between the air release valve 

20 4 and the filtrate discharge pump 5. A discharge valve 
9 for thickened sludge is provided in the base of the 
sludge tank 1 . 

Unthickened sludge 10 is supplied into the 
sludge tank 1 and is filtered to form a layer of thick- 

25 ened sludge 11 on the surface of the filter cloth 2b lo- 
cated on the filter plate 2, while water from the sludge 
permeates through the filter cloth 2b and is dis- 
charged through the filtrate discharge pipe a 

The operation of the filtering and thickening in- 

30 stallation constructed as above Is as follows: 

First, unthickened sludge 10 to be thickened is 
supplied into the sludge tank 1 up to a level above the 
top of the filter plate 2. The air release valve 4 and 
gate valve 6 are opened, and the filtrate discharge 

35 pipe 3 is filled with water by the water supply means 
7. Air present in the filtrate discharge pipe 3 escapes 
through the air release valve 4. The air release valve 
4 is then closed, and the filtrate discharge pump 5 is 
operated, and the gate valve 6 is closed when the 

40 pressure reaches a predetermined value, as indicat- 
ed by the vacuum indicator 8. The operation of the 
pump with the air release valve closed causes nega- 
tive pressure, augmented by the siphon effect ac- 
cording to the length of the filtrate discharge pipe 3, 

45 to act upon inside the f i Iter plate 2, causing the water 
contained in the unthickened sludge 10 in contact 
with the filter cloth 2b be permeate inside the filter 
plate 2 to be discharged via the filtrate discharge pipe 
3, while the particles in the unthickened sludge 10 

so are collected and deposited on the filter cloth 2b. 
Suction pressure in the filtrate discharge pump 5 is 
monitored by the vacuum indicator 8, and when the 
water supply is stopped as the pressure reaches 200 
mmHg, the filtrate discharge pump 5 operates with 

55 increased suction pressure that caus s a greater 
n gative pressure to act upon the insid of the filter 
plate 2. This negative pressure can reach a maximum 
of 700 mmHg. 
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The interior of the filter plate 2 has sufficient neg- 
ative pressure, wh resludg isfilt red and a layer of 
thickened sludge 11 is deposited on the surfac ofthe 
filter plate 2. The filtrate discharge pump 5 is then 
stopped, and the unthickened and still fluid sludge 10 
is removed from the sludge tank 1. Air is then blown 
back into the tank through the air release valve 4 to 
back-flush the filter plate 2, and the thickened sludge 

1 1 falls from the filter doth 2a to the base ofthe tank 
from where it can be removed from the tank via the 
thickened sludge removal vaJve 9. 

Figure 2 is a schematic drawing showing one ex- 
ample of the water supply means 7 in Figure 1, and 
the parts common to those in Figure 1 have been as- 
signed the same numbers. The installation shown in 
Figure 2 differs from that of Figure 1 in that filtrate 

1 2 is used instead of water fed from the water supply 
{ means 7 t and the installation shown in Figure 2 uses 

a filtrate tank 13 and a suction pipe 14 to provide wa- 
ter instead of the water supply means 7. In Figure 2, 
an extended portion of the piping to the gate valve 6 
forms the suction pipe 14 that is parallel to the filtrate 
discharge pipe 3. the lower end thereof reaching into 
the filtrate tank 13 to dip into the liquid therein. It will 
be appreciated that the lower end of the suction pipe 
14 is placed below the lower end of the filtrate dis- 
charge pipe 3. To explain the operation, first the fil- 
trate tank 13 is filled with water to a level above the 
lower end of the suction pipe 14 but below the lower 
end of the discharge pipe 3; the pump 5 is then oper- 
ated with the air release valve 4 dosed and the gate 
valve 6 opened to suck water into t he suction pipe 14; 
water is supplied into the filtrate discharge pipe 3 
through the suction pipe 14. Operation then contin- 
ues as described above, the gate valve 6 being dosed 
after the sludge has been filtered and filtrate 12 has 

{ flowed into the filtrate tank 1 3. Thereafter, the filtrate 

* 1 2 can be used as feed water. 

Figure 3 is a schematic drawing showing another 
alternative to the water supply means 7, which has 
basically the same configuration as that shown in Fig- 
ure 2. However, it is different from the one shown in 
Figure 2 in that a water feed pump 15 is provided in 
the suction pipe 14 between the filtrate tank 12 and 
the gate valve 6. This arrangement assures a more 
reliable water supply into the filtrate discharge pipe 3, 
and can raise the supply velocity. 

Figure 4 is a schematic drawing showing still an- 
other alternative to water supply means 7. In this ex- 
ample, the filtrate tank 13 is installed adjacent to the 
gate valve 6, and the filtrate discharge pipe 3 is con- 
nected downstream of the filtrate discharge pump 5 
to a second gate valve 17 leading to an inlet pipe 16 
for the fiitrat tank 13. A third gate valve 18 near the 
nd of th fiitrat discharg pipe 3 allows fiitrat to 
bedelivered to the filtrate tank 13 by dosing th third 
gate valve 18 and opening the second gat valve 17. 
A water level gage 19 is also disposed in th fiitrat 
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tank 13. Thus, the filtrate tank 1 3 is placed at a con- 
siderably higher position relative to the filtrate dis- 
charge pip 3 than in the xamples shown in Figures 
2 and 3. 

5 The operation of the installation shown in Figure 

4 is as fdlows: 

First, t he air release valve 4 and the gate valve 
6 are opened to feed water into the filtrate discharge 
pipe 3; 

10 The air release valve 4 is dosed; the filtrate 

discharge pump 5 is operated, with the second gate 
valve 17 dosed and the third gate valve 18 opened; 

After the required degree of vacuum has been 
raised, the gate valve 6 and the third gate valve 18 

15 are dosed, while the second gate valve 1 7 is opened 
to feed filtrate 12 into the filtrate tank 13; 

When the water level gage 19 indicates that 
the water level of the filtrate 1 2 has reached a certain 
level, then second gate valve 17 is closed and third 

20 gate valve 18 is opened to allow surplus filtrate 12 to 
be discharged. 

Figure 5 is a schematic drawing showing the con- 
struction of the installation used to obtain high- 
concentration thickened sludge, partially shown in 

25 cross section. The parts common to Figure 1 are giv- 
en the same reference numbers. The difference be- 
tween the installation shown in Figure 5 and that 
shown in Figure 1 is that an unthickened sludge re- 
moval valve 20 is added to the bottom of the sludge 

30 tank 1 as an unthickened sludge extracting device. 
The unthickened sludge extracting device can alter- 
natively be a pump, which is used to extract unthick- 
ened sludge. Since the filtrate discharge pipe 3 and 
the water supply means 7 are identical with those al- 

35 ready shown, their illustrations are omitted. The in- 
stallation shown in Figure 5 can discharge unthick- 
ened sludge 10 from the tank 1 via the unthickened 
sludge removal valve 20, and the filtrating operation 
continues even if filtration has progressed and thick- 

40 ened sludge 11 has been formed. 

To explain, when the unthickened removal valve 
20 is opened and the fluid unthickened sludge 10 is 
removed from the sludge tank 1, the thickened 
sludge formed on the filter plate 2 in the sludge tank 

45 1 contacts the atmosphere. Thus the thickened 
sludge 11 deposited on the filter plate 2 no longer 
contacts the liquid unthickened sludge 10. As a re- 
sult, the suction applied to the filter plate 2 by the fil- 
trate discharge pipe 3 causes further filtration of only 

so the already formed condensed sludge 11 can contin- 
ue, thereby creating high-concentration thickened 
sludge. 

Figure 6 is a schematic drawing showing the fil- 
trate discharge pipe 3 and the water supply m ans 7, 
55 whos illustrations have b en omitted in Figure 5. 
Th filtrate discharge pipe 3 and the wat r supply 
m ans 7 in Figure 6 hav th configuration shown in 
Figure 3, henc a detailed explanation ther of is 

5 
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omitted. The Figure shows that the thickened sludge 
11 is formed on the filter doth 2b, whi! th unthick- 
ened sludg 10 r mains in the body of liquid in the 
sludge tank 1 away from the surface of the filter cloth 
2b. 5 

Figure 7 shows the result of continued filtration 
with the unthickened sludge removal valve 20 
opened when the thickness of the deposited layers of 
thickened sludge 11 shown in Figure 6 has increased, 
and the unthickened sludge 10 in the sludge tank 1 10 
has been removed. Only the thickened sludge 11 
which has been deposited on the surface of the filter 
cloth 2b located on the filter plate 2 remains in the 
sludge tank 1 , and water removal from only the thick- 

ned sludge 11 has progressed with no water being 1 s 
supplied to the thickened sludge 11 from the unthick- 
ened sludge 10 present off the filter cloth 2b. The Ffc- 
ure further shows a state in which the thickened 
sludge 11 has contracted generating cracks Ha. When 
cracks 11a are generated, air enters into the filter 20 
plate 2 through these cracks Ha. thereby reducing the 
negative pressure force in the filter plate 2. There- 
fore, thickening and filtration can continue effectively 
only until these cracks 11 a are formed to a depth that 
reaches the filter cloth 2b. 25 

Using purified water sludge with a solids compo- 
nent of 4%. for example, as a sludge test specimen, 
the interior of the filter plate 2 was subjected to neg- 
ative pressure of 700 mmHg by operating the filtrate 
discharge pump 5. The test specimen was filtered for so 
30 minutes, and then the unthickened sludge removal 
valve 20 was opened and the unthickened sludge 10 
removed from the tank. The filtration continued with 
only the thickened sludge 11 deposited on the sur- 
face of the filter doth 2b located on the filter plate 2. 35 
The degree of vacuum dropped slowly after 34 min- 
utes, and the indication on the vacuum gage fell to be- 
low 300 mmHg after 40 minutes. The solids compo- 
nent in the thickened sludge at this time was 20.4%. 
which means that a higher solids concentration was 40 
achieved than that which is obtained by conventional 
methods which simply raise the degree of vacuum. 

Next, the schematic drawing for the filtering and 
thickening installation shown in Figure 8 illustrates an 
installation that indudes a means 21 to displace the 45 
unthickened sludge 10 in the sludge tank 1 of the in- 
stallation shown in Figure 5. Since other arrange- 
ments are identical with those in Figure 5, the explan- 
ation of such arrangements is omitted. The unthick- 
ened sludge displacement means 21 comprises a dis- 50 
placing body 22 and a driving device 23, in which one 
main free face of the displacing body 22 faces the 
main free face of the layer of thickened sludge 11 on 
the filter cloth 2b located on the filter plate 2. The f r e 
face of the displacing body is pref rably arrang d to 55 

xtend vertically to the floor. The displacing body 22 
can be moved towards and away from the surface of 
th thick ned sludge 11 by th driving device 23. A 



second unthickened sludge displacement means (not 
shown) may be arranged for the thickened sludge 11 
on the opposite side of the filter plate 2. In the figure, 
only one unthickened sludge displacement means 21 
is shown for the sake of simplicity. 

The unthickened sludge displacement means 21 
moves the displacing body 22 toward the thickened 
sludge 11 so that it approaches the thickened sludge 
11 and presses the displacing body 22 against the 
thickened sludge 11 to put them dose together using 
the driving device 23 when the thickness of the thick- 
ened sludge 1 1 is increased. The presence of the dis- 
pladng device prevents the unthickened sludge 10 in 
the tank from contacting the layer of thickened 
sludge 11, so that only the thickened sludge 11 will 
be filtered. The thickened sludge 11 is not affected by 
the water content of the unthickened sludge 10. 
Moreover, since unthtckened sludge 10 remains 
around the circumference of the filter plate 2, pre- 
venting air from entering into the filter plate 2 even if 
cracks were to appear in the thickened sludge 1 1 , the 
negative pressure in tha filter plate 2 is prevented 
from dropping, which makes it possible to obtain a 
high-concentration thickened sludge. Once filtration 
is completed, the displacing body 22 that has ap- 
proached or contacted the thickened sludge 11 
moves away from the filter plate 2 to ensure a space 
through which thickened sludge 11 can be dis- 
charged. 

Using purified water sludge with a solids compo- 
nent of 4%, for example, as a sludge test specimen, 
the interior of the filter plate 2 was subjected to neg- 
ative pressure of 700 mmHg by operating the filtrate 
discharge pump 5, the test specimen was filtered for 
30 minutes, and then the displacing body 22 was 
pressed onto the layer of thickened sludge 11 on the 
filter plate 2 so that the two contacted tightly with 
each other. After the unthickened sludge is displaced 
away from near the thickened sludge, the test speci- 
men was filtered for a further 40 minutes. The nega- 
tive pressure in the filtrate discharge pipe 3 was 
maintained at 700 mmHg during this experiment 
Upon completion of filtration, the unthickened sludge 
removal valve 20 was opened to remove unthickened 
sludge, the displacing body 22 was moved away from 
the filter plate 2, and the thickened sludge on the fil- 
tration face of the filter plate 2 was removed from the 
sludge tank. This thickened sludge had a solids com- 
ponent of 30.1%. 

Other means to displace the unthickened sludge 
10 besides the above means may also be conceived. 

Figure 9 is a schematic drawing showing the fil- 
tering and thickening Installation, disposed with a 
rubber diaphragm to displace the unthickened sludg 
10. The parts common to those in the figur s shown 
arlier are assigned the sam numbers. In this figur , 
an installation using two filter plat s 2, and the water 
supply means shown in Figure 4 is illustrated. Th in- 
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stallation In Figure 9 includes rubber diaphragms 24 
that are disposed facing the vertical fac softh filter 
plates 2 t one on the inner walls of the sludge tank 1, 
and the other in the centre between the filter plates 
2. The rubber diaphragms are connected to a device, 
not shown, capable of supplying and discharging 
pressurized fluid, for example air. When the filtering 
operation has reached the point where a layer of 
thickened sludge 11 has been deposited with in- 
creased thickness on the surface of the filter plate 2, 
pressurized air is supplied into the rubber diaphragms 
24 to inflate them. 

Figure 10 shows the rubber diaphragms 24 
shown in Figure 9 in their inflated condition, with the 
surfaces of the diaphragms 24 contacting the thick- 
ened sludge 11. After inflation of the diaphragms 24, 
the unthickened sludge 1 0 is displaced from the filter 
cloths 2b located on the filter plates 2, and only the 
thickened sludge 11 is filtered on the filter plates 2. 

The installation shown in Figure 1 1 has, for exam- 
ple, various displacement plates 25 fitted on a sup- 
porting plate 26 at a predetermined spacing in paral- 
lel, the supporting plate 26 is connected to an actua- 
tor such as an air cylinder 27, and the other ends of 
the displacement plates 25 are vertically movable so 
as to be able to be inserted into the sludge tank 1 at 
positions close to the filter cloths 26 located on the 
filter plates 2 and to a predetermined depth in parallel 
with the filter plates 2. If the air cylinder 27 is operated 
after the layer of thickened sludge 11 has formed on 
the surface of the filter plates 2,* the displacement 
plates 25 descend to displace the unthickened sludge 
10, and as a result, contact the surface of the layers 
of non-fluid thickened sludge 11. Because thickened 
sludge 11 remains on the filter cloths 2b located on 
the filter plates 2, only the thickened sludge 11 is fil- 
tered and thickened efficiently. 

The installation shown in Figure 12 uses rubber 
diaphragms 24 as does the installation shown in Fig- 
ure 9. However, this installation is different from the 
installation shown in Figure 9 in that the fitter plates 
2 are movable, and are attached to the main surfaces 
of the rubber diaphragms 24. The rubber diaphragms 
24 are arranged at the centre and on the side walls 
of the sludge tank 1, and the filter cloths 2b are af- 
fixed, facing each other, on the faces of the filter 
plates 2, which face away from the diaphragms 24. 
The Figure shows layers of thickened sludge 11 de- 
posited and formed on the surfaces of the four filter 
plates 2 and unthickened sludge 10 is in contact with 
the thickened sludge 11 deposited on the surfaces of 
the filter cloths 2b, which face each other, and the 
parts common to those in the figures so far explained 
are assigned th same numbers. 

Figur 13 shows unthick ned sludge 10 dis- 
placed from the installation shown in Figure 12, 
where only thickened sludg 11 is being filtered. In 
other words, the figur shows the installation in Fig- 
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ure 12 in a state in which pressurized air is being 
blown into the rubb r diaphragms 24 to inflate th m 
theunthicken d sludge 10 has b enr moved and the 
thickened sludge 11 are in close contact with each 

5 other. Thickened sludge 1 1 with a thickness that has 
doubled offers an advantage in that it will drop off 
more easily. 

The installation shown in Figure 14 has two cy- 
linders 28, each extending horizontally from a side 

10 wall of the sludge tank 1, the air cylinders 28 carrying 
respective vertically arranged filter plates 2 on sup- 
porting plates 29. No filter cloths are fixed to the 
faces of the filter plates 2 attached to the supporting 
plates 29. Additionally, a filter plate 2 having filter 

16 cloths 2b on both of its vertical faces is arranged in 
a position at the centre of a sludge tank 1 . This instal- 
lation utilizes the filter plates 2 themselves to dis- 
place unthickened sludge 10. The installation shown 
in Figure 14 has layers of thickened sludge 11 depos- 

20 ited and formed on the surfaces of the filter plates 2. 

Figure 15 shows the installation shown in Figure 
14 with the cylinders 28 extended so that the filter 
plates 2 carried thereon have been moved toward the 
filter plate 2 at the centre of the tank. As can be seen 

25 in Figure 15. the layers of thickened sludge 11 formed 
on the filter plates 2 are tightly pressed together to 
remove them from contact with any unthickened 
sludge 10 remaining in the tank 1, and filtering of the 
thickened sludge 11 is then continued. As the filter 

30 plates 2 are moved, the filtrate discharge pipe 3 link- 
ing the plates in the sludge tank 1 is also moved. The 
filtrate discharge pipe 3 may be flexible, or may be 
otherwise adapted as necessary to permit this move- 
ment. 

35 The filtering and thickening installation, and the 

method for filtering and thickening thereof have been 
explained. Basically, in the present invention, a water 
supply means and a filtrate discharge pump are fitted 
onto a filtrate discharge pipe to increase the negative 

40 pressure within the filter plates, an unthickened 
sludge extraction device is fitted in a sludge tank to 
obtain a high-concentration sludge, and an unthick- 
ened sludge displacement means is also provided. 
Conventional sludge filtering and thickening in- 

45 stailations supply sludge into the sludge tank, collect 
sludge particles on the surfaces of the filter plates 
using the negative pressure generated in the filter 
plates by the water filled into the filtrate discharge 
pipe, and discharge the water from the tank through 

50 the filtrate discharge pipe. On the other hand, the fil- 
tering and thickening installation according to the 
present invention is, as explained in the preferred 
embodiments, provided with a water supply means 
and a filtrate discharg pump so that a high negative 

55 pressur will act on the insid of the filter plates, 
wherein filtration progresses as unthick ned sludg 
is removed from the sludge tank using an unthick- 
en d sludg xtract ion device disposed at the bottom 

7 
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of the sludge tank, while filtration of previously 
formed thick ned sludge continues. In addition, an 
unthick ned sludge displac m ntm ans disposed in 
the sludge tank isolates the unthickened sludge from 
the thickened sludge, and filters the thickened 5 
sludge without being affected by the water in the un- 
thickened sludge. 

If sludge is filtered and thickened using the filter- 
ing and thickening installation according to the pres- 

nt invention, a high negative pressure is applied to 10 
the filter plates, so that high- concentration thickened 
sludge can be obtained efficiently by the operating 
devices disposed in the sludge tank. 



Claims 

1. A sludge filtering and thickening installation con- 
sisting of a sludge tank, filter plates disposed in 

the sludge tank, and a filtrate discharge pipe, 20 
wherein the filtrate discharge pipe is provided 
with a water supply means and a filtrate dis- 
charge pump, and one end of the filtrate dis- 
charge pipe is connected to the filter plates, while 
the other end leads out of said sludge tank. 25 

2. A sludge filtering and thickening installation as 
claimed in Claim 1, wherein the water supply 
means consists of a filtrate tank and a suction 

pipe to supply the filtrate pumped up from the f il- 30 
trate tank into the filtrate discharge pipe. 

3. A sludge filtering and thickening installation as 
claimed in Claim 2, wherein the water supply fur- 
ther includes a water feeding pump. 35 

4. A sludge filtering and thickening installation as 
claimed in Claim 1, wherein the water supply 
means consists of a filtrate tank, and a connect- 
ing pipe between the filtrate tank and the deliv- 40 
ery side of the filtrate discharge pump. 

5. A sludge filtering and thickening installation con- 
sisting of a sludge tank having an unthickened 
sludge extracting device at the bottom, filter 45 
plates disposed in the sludge tank, and a filtrate 
discharge pipe, one end of the discharge pipe be- 
ing connected to the filter plates, and the other 

end leading out of said sludge tank. 

50 

6. A sludge filtering and thickening method com- 
prising the steps ot 

forming a layer of thickened sludge on a 
number of filter plates disposed In a sludge tank; 

r moving unthick ned sludg from th 55 
tank through an unthick ned sludg extracting 
device; and 

further filtering only that thicken d sludge 



that has been deposited on the filter plate or 
plates. 

7. A sludge filtering and thickening installation con- 
sisting of a sludge tank having an unthickened 
sludge extracting device, filter plates disposed in 
the sludge tank, a filtrate discharge pipe having 
one end connected to the filter plates and the 
other end leading out of said sludge tank, and fur- 
ther comprising an unthickened sludge displace- 
ment means consisting of a displacing body that 
can move, under the action of a driving device, to- 
wards and away from the surface of the filter 
plates. 

8. A sludge filtering and thickening installation as 
claimed in Claim 7, wherein the displacing body 
is a diaphragm, which is arranged parallel to the 
surface of the f i Iter plates on which the thickened 
sludge is formed. 

9. A sludge filtering and thickening installation as 
claimed in Claim 7, wherein the displacing body 
is constituted by a number of filter plates ar- 
ranged in face to face relation, the filter plates be- 
ing movable towards and away from each other. 

10. A sludge filtering and thickening method com- 
prising the steps of: 

forming thickened sludge on a number of 
filter plates; 

displacing unthickened sludge from con r 
tact with the thickened sludge on the filter plates 
using an unthickened sludge displacement 
means; and 

further filtering the thickened sludge after 
separating it from the unthickened sludge. 
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@ 8ludga ffltertng and thickening 

(St) A water supply means to pump up the titrate 
pumped up from a filtrate tank (13) into a filtrate 
discharge pipe (3). and a filtrate discharge 
pump (5) are provided, whBe an urrthickened 
sludge extracting device (20) la fitted to the 
bottom of a sludge tank (1), where a high 
negative pressure acts upon the Inside of fitter 
plates (2) to conduct titration, the unthlcksned 
sludge (10) is tfachaiged from the unth tokened 
sludge extracting device (20), andtor the imv- 
thlckened sludge (10) present near the thick- 
ened sludge (11) Is displaced by an urrthictened 
sludge displacement means (22. 24, 28.29) so as 
not to contact the thickened sludge (11). and 
titration of only thickened sludge (11) oon- 
ttnuea so that high-concentration thickened 
sludge (11) can be obtained without being af- 
fected by the water In the unthlckemd sludge 
(10). 



s 



CD 
O 
CO 




Mil * 



o. 

Ui 



Jouve. 18. iue Saint-Oente. 76001 PARIS 



KOO: <EP_060«IMA3_I.> 



EP 0606154 A3 



Office 



EUROPEAN SEARCH REPORT 



EP 94 30 0040. £ 



DOCUMENTS CONS1l>E»Bf> TO BE RELEVANT 



wta 



■ tkmm 



mnoNor 

tffUCAHON(bU 



US-A-5 035 799 (LOUIS R0S8EHG) 

* colian 8, Una 63 - colum 10, Mm 60; 
figure 5 * 

WD-A-91 04778 (STRIO KENT) 

* P»ge 7, line 332 - line 35; figures 1,6 

— ■ 

FR-A-2 095 091 (INDUSTRIAL FILTER & PUMP 
MFG.) 

* the whole docunnt * 



1-4 



5,6 



B01O29/39 
B01029/66 
B01D29/82 



7.8.10 



B01D 



cpwt k» km Arm ^ feral* 



THE HAGUE 



10 June 1994 



Dt Pfttpt, P 



QncotyovciraD documents 



Xt 

Vi 

As 
Ot 

Fil 



- — Mfffl 



Kraal] 
tfta 
D i tea 
Li4m 



All 



raTcftrt 



XDCID: <EP 0606lS4A3J_> 



BEST AVAILABLE COPY 



EP 0606 154 A3 



S\ European Patenl 
Jj/J ™* 

CLAIMS INCURRING FEES 



TH« prwm BtfoMM patani ospQoattan compmad at tna rhmoi 

□ 



All dtehra taca hava baan paid wttNn 9m prtacrtbad 
drawn up lor al C Mm*. 



MtiMtTlttprMtneufopMilMt^rtpenDMbMo 



Only part *a CitbtH ft** Mn tMt pat* wo>ia tha 
rppurt Mi baan drawn up Ibr tno first tan chknt and for Pi 



praacrtbdd *oa am*. 7 ha priMK 



| | Mo ci*im» (m t>»r« boa* paid wMa dm era 
drawn up lor tn» am tan ctafcra. 



aaorcn 



i ton*. Tha praaaf* European aaarcb raoon Km baa* 



LACK OF UNITY OF INVENTION 



Tha Saarcti ftwan co***a/« rut ins O'aas* Curopaaa patam a ppbcsoon Ooaa apt comply wttA ma ftqubtmu oi umty of 
iftvMbenand 'aiatas laaavaraibtvannana 



See sheet -B- 



( 



|5CJ *» tunhv aaaren fa«a hava baa* pal* th» lud oma Bma^Tho praaant crop*** aaarcb raoort haa 
baan drawn up lo* atf ctaana. 

□ ^^^^^^^^^^l^t^P***^ 
rtoon ""*aandraw»upiorthoaoptruoltnoaWo 
raapm^oiwncftaaa^laaahavahaawpata. 

namaJyctaidtt: 

□ >lw *^^^ a ^^ f ^ h ««^P^«d*d*fciad»w 

*aa b«t» drawn up lor tnoaa paita of «a Eunipaan patam appacaaoo wbac* ralata to tfta awanbon ftrn 
m a ra aanad aatftadanao. 

wa rn at » di>mp 



OC.lO: <EP 0606JS4A3J _> 



3 

BEST AVAILABLE COPY 



EP 0606 154 A3 



European Patent 
Office 

BP 94 30 0040 -B- 

LACK OF UNITY OF INVENTION 




Filter plates disposed in a sludge tank. 

The filtrate discbarge pipe comprises water supply 
means and a filtrate discharge pump* 
Unthickened sludge ext racing device. 

1. Claims 1-16 

2. Claims 7-10 
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